Although vaginitis caused by Saccharomyces cerevisiae is extremely rare, in recent years we have experienced an increasing frequency of S. cerevisiae isolation from the vaginas of fertile-age women. In order to investigate the epidemiology of these vaginal infections, a total of 40 isolates of S. cerevisiae derived from symptomatic and asymptomatic women were characterized by two DNA typing approaches, named ribosomal DNA (rDNA) hybridization and Ty917 hybridization, based on the Southern blotting technique. After transfer, the polymorphic DNA restriction fragments were hybridized with the entire repeat of S. cerevisiae rDNA for one method and with the entire sequence of the Ty917 retrotransposon for the other. After elaboration with computer-assisted analysis, the results of each method showed that Ty917 hybridization is endowed with a discriminatory power higher than that of rDNA hybridization. With the Ty917 hybridization method, all of the S. cerevisiae isolates tested appeared very heterogeneous, with the exception of those collected from individual patients with recurrent vaginitis. This allowed us to exclude a possible common source of infection while the high relatedness among S. cerevisiae sequential isolates from recurrent-vaginitis patients could suggest a pattern of relapse rather than frequent reinfection.
In this report, we describe the use of two DNA typing approaches based on Southern blot hybridization in which probing of polymorphic DNA restriction fragments was performed with the entire repeat unit of ribosomal DNA (rDNA) and with the entire sequence of retrotransposon Ty917, both belonging to S. cerevisiae. The Ty917 probe is a class II yeast transposable element consisting of a 5.9-kb sequence including the two long terminal repeats (28) . By these methods we characterized 40 S. cerevisiae clinical isolates from women who presented with either asymptomatic vaginal colonization or symptomatic vaginitis. In addition, an epidemiological investigation was carried out. Finally, the genetic relationship among vaginal and commercial S. cerevisiae isolates was assessed.
(This work was presented in part at the XIIIth Congress of the International Society of Human and Animal Mycology in Salsomaggiore Terme, Parma, Italy, 7 to 13 June 1997 [26] ). lough et al. (18) . Isolates from the same individual or apparently different colonies of the same strain were considered related in origin. Isolates from different individuals were considered unrelated in origin. All isolates were maintained on YEPD agar (1% yeast extract, 2% Bacto Peptone, 2% glucose, 2% Bacto Agar) at room temperature. Long-term storage was done in a 20% glycerol water solution at Ϫ80°C. In some instances, yeasts were grown in YEPD broth.
DNA probes. The 9.0-kb rDNA repeat unit of S. cerevisiae was cloned from strain AB 1380 (4) into pBluescript SKϩ (Stratagene, La Jolla, Calif.) at the KpnI site and used as a probe for rDNA hybridization. With the Ty917 hybridization method, we used as a probe retrotransposon Ty917 generated as an XhoI-XhoI fragment from plasmid pR22 (30) . Both DNA probes were labeled with digoxigenin dUTP by the random priming method in accordance with the manufacturer's instructions (DNA labeling kit; Boehringer Mannheim, Mannheim, Germany) and stored at Ϫ20°C until use.
Southern blot hybridization analysis. Genomic DNA from yeasts was extracted as described previously (31) . A 10-g sample of DNA from each strain was separately digested at 37°C for 4 h with restriction enzymes EcoRI and HindIII (Boehringer Mannheim) for the rDNA and Ty917 analyses, respectively. The products of each digestion were separated in a 0.8% (wt/vol) agarose gel in TAE buffer (40 mM Tris-acetate, 1 mM EDTA [pH 8.00]) at 27 V for 18 h at room temperature. After visualization under UV light by ethidium bromide staining, the DNA fragments were transferred to a positively charged membrane (Boehringer Mannheim) in a vacuum blotter apparatus by following the manufacturer's instructions (Bio-Rad Laboratories, Hercules, Calif.) with 10ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate) as the transfer buffer. DNA was fixed on the membrane by baking at 80°C for 2 h. Membranes were prehybridized at 42°C with a buffer containing 50% formamide, 5ϫ SSC, 2% blocking reagent (Boehringer Mannheim), 0.1% N-lauroylsarcosine, and 0.02% sodium dodecyl sulfate. DNA probes were added to the hybridization solution, and the mixture was incubated overnight. The washing and revealing steps were identical to those recommended by the supplier (DIG luminescent detection kit for nucleic acids; Boehringer Mannheim). Membranes were exposed to X-Omat AR film (Eastman Kodak Company, Rochester, N.Y.) for documentation.
Computerized data analysis. To compare the DNA fingerprints of all isolates, X-ray images of Southern blots were scanned with a Scanjet 4C scanner (Hewlett Packard, Palo Alto, Calif.) and elaborated in a computer-digitized dendrogram by Dendron software package version 2.0 (Solltech, Iowa City, Iowa). Distortions in the gel were straightened with the unwarping option of Dendron, and each lane was automatically identified and scanned. The coefficient of similarity (S AB ) between the patterns of every pair of strains, designated A and B, respectively, was computed by the formula S AB ϭ 2E/2E ϩ a ϩ b, where E is the number of bands shared by strains A and B, a is the number of bands unique to strain A, and b is the number of bands unique to strain B. For the present study, an S AB of 1.00 indicates that all bands in the patterns of isolates A and B completely match, an S AB of 0.00 indicates that the patterns of strains A and B had no band in common, and S AB s ranging between 0.01 and 0.99 represent increasing levels of similarity. Dendrograms based on S AB s were generated by the unweighted pair group method with arithmetic averages (32) .
Stability tests. To assess the stability of Southern hybridization patterns during in vitro culture, serial passages from an initial broth culture of S. cerevisiae ATCC 9763 were done in YEPD broth. At passage 15, DNA was extracted from the newly grown cells and compared to that from the parent culture by Southern hybridization analysis.
Statistical analysis.
Odds ratios (ORs) with 95% confidence intervals (CIs) for measuring the association between different characteristics at baseline and the vaginal presence of S. cerevisiae was obtained by a cross-tabulation procedure. Statistical analyses were performed by using Fisher's exact test. In order to estimate the contribution of each independent variable to predict the event, a conditional logistic regression model with forward stepwise selection was employed, with a chosen cutoff value of 0.05 to enter into the model. Statistical tests were performed by SPSS Base on Professional Statistics 7.5 software (SPSS Inc., Chicago, Ill.). Differences with probabilities of Ͻ0.05 were considered statistically significant.
RESULTS

Clinical correlations.
Of 513 women who were referred to the Microbiological Service at the University Hospital in Rome during the experimental period, 30 patients positive for S. cerevisiae (5.8%), aged 25 to 39 years (mean age, 32.1 years), and 60 controls negative for S. cerevisiae, aged 15 to 42 years (mean age, 30.6 years), were included in this study (Table 1) . S. cerevisiae was isolated on two occasions from seven patients and three times from one patient, resulting in 40 clinical isolates that were available for evaluation, including the two morphological variants isolated from the same clinical specimen ( Table 2 ). In addition, two nonclinical S. cerevisiae strains obtained from commercial yeast preparations in the same area were included for comparison.
Sixteen (53.3%) of the 30 patients presented vulvovaginal pruritus, irritation, and a typical discharge (clumpy, cottage cheese appearance). The remaining patients, in whom symptoms and signs of inflammation were lacking, were considered to be colonized. The majority of the patients (22 of 30) were pregnant, and one was treated with estroprogestinic drugs. At the time of examination, all other causes of possible vulvovaginitis, such as trichomoniasis, bacterial infection, genital herpes, or infection with yeasts other than S. cerevisiae, were Stability of RFLP patterns over time. S. cerevisiae ATCC 9763 was tested by the method described above to assess the stability of the patterns generated by hybridization with the rDNA and Ty917 probes. A single ATCC 9763 colony was inoculated into liquid medium. The DNA was analyzed with the rDNA and Ty917 probes and compared to DNA extracted from a broth culture of the same parent strain after several passages on solid medium. The hybridization patterns were found to be identical, with no appreciable changes.
Analysis by rDNA hybridization. All 40 of the S. cerevisiae clinical isolates in this study have been fingerprinted with an rDNA probe. rDNA generated patterns of three to five bands in the range of 2 to 3 kb for each isolate. Examples of the patterns obtained by hybridization with rDNA are presented in Fig. 1 . Among the 42 isolates analyzed, including the two commercial strains, four different rDNA hybridization profiles were observed. A dendrogram of relatedness for the 42 isolates based on S AB s computed from band positions is presented in Fig. 2A . The average S AB for the 42 isolates analyzed was 0.55 Ϯ 0.29, and the average for the 30 isolates from unrelated hosts was 0.59 Ϯ 0.24. The lowest S AB in the dendrogram generated by hybridization with rDNA was 0.40. The analysis with rDNA grouped the following known related isolates as identical: SC1 and SC18; SC2 and SC3; SC4, SC12, and SC31; SC21 and SC22; SC25 and SC43; SC28 and SC29; SC42 and SC51; and SC47 and SC50. In addition, SC33a and SC33b were also found to be identical; they represent morphological variations of the same strain. However, rDNA also grouped as identical several isolates unrelated in origin. In fact, with an S AB of 1, all of the clinical isolates are distinguished in four subgroups ( Fig. 2A) . With an average of 0.59 as a threshold, rDNA analysis generated a unique cluster (Fig. 2A) . All isolates but one were grouped in this cluster.
Analysis by Ty917 hybridization. All of the isolates in this study were also analyzed with the Ty917 hybridization method. The Ty917 probe generated patterns of 10 to 22 bands in the range of 1 to Ͼ14 kb for each isolate. Examples of the patterns obtained by hybridization with probe Ty917 are presented in Fig. 3 . The reproducibility of the patterns is evident in the repeat patterns for isolate SC0 (reference strain ATCC 9763) in the outermost lanes, isolate SC25 versus isolate SC43 (isolates from the same individual), and isolate SC47 versus isolate SC50 (isolates from the same individual). Ty917 hybridization yielded 32 profiles for the 42 isolates analyzed. Figure 2B shows a dendrogram based on band positions alone. The average S AB for all of the isolates analyzed was 0.53 Ϯ 0.12, and the average for the 30 isolates from unrelated hosts was 0.52 Ϯ 0.11. The analysis with probe Ty917 distinguished as identical the following eight pairs and one group of isolates: SC1 and SC18; SC2 and SC3; SC4, SC12, and SC31; SC21 and SC22; SC25 and SC43; SC28 and SC29; SC33a and SC33b; SC42 and SC51; and SC47 and SC50. These isolates were considered to be related in origin. In contrast to the rDNA hybridization results, with an S AB of 1, only the isolates related in origin were classified as highly related. In addition, with an average S AB threshold of 0.52, the Ty917 analysis generated two general clusters, as shown in Fig. 2B . All but two isolates were grouped in these clusters. No genetic identity between commercial and clinical strains was found.
Discriminatory powers of the methods tested. Both of the methods used were compared for the ability to identify identical or highly related isolates (e.g., isolates from recurrent infection in the same individual), to discriminate between unrelated isolates (e.g., from unrelated individuals in the same geographic area), and to cluster weakly related isolates. The Ty917 hybridization and rDNA hybridization techniques were able to find undistinguishable sequential isolates derived from eight patients during the recurrence of vaginitis, as well as isolates SC33a and SC33b, which were derived from the same strain and had different morphological characteristics. With regard to the capacity of the two methods to differentiate unrelated isolates, analysis with the rDNA probe revealed a lower level of discrimination. This is due to the very small number of bands obtainable by analysis with the rDNA probe. On the other hand, analysis with the Ty917 probe, through generation of a higher number of polymorphic bands, provided increased levels of discrimination; in the meantime, this method demonstrated adequate clustering capacity. Our findings show that the genetic diversity observable among S. cerevisiae isolates with Ty917 hybridization makes it an effective DNA typing method for epidemiological purposes.
DISCUSSION
The aim of this study was to demonstrate that good characterization of S. cerevisiae clinical isolates can be achieved by using a molecular method such as Southern blot hybridization analysis. Even though the development of a molecular typing method useful for the characterization of a yeast infection is a desirable goal for many mycologists, the number of studies in which the epidemiology of S. cerevisiae infections has been investigated is very limited (9, 17, 34) . A universally accepted typing method for this organism has been not defined. This could be due in part to the low prevalence of diseases caused by S. cerevisiae, particularly of vaginal infections. However, in our investigation, these infections have been of considerable interest. As described above, of 513 women who visited our Microbiological Service in the study period, 5.8% had S. cerevisiae in their vaginal swabs. This was in agreement with the data reported by Agatensi et al. (1), by which the incidence of vaginal infections due to S. cerevisiae in Italian women was estimated to be greater than that observed by others (17) . Moreover, the clinical data recorded 4 months after initiation of the study showed how the eradication of S. cerevisiae required a prolonged therapeutic regimen in almost of these patients.
In order to investigate the epidemiology of these infections, S. cerevisiae patient isolates were characterized by Southern blot hybridization. This report describes the first application of VOL. 37, 1999 TYPING OF S. CEREVISIAE WITH rDNA AND Ty917 PROBESa DNA typing technique in which the polymorphic DNA restriction fragments derived from these isolates were hybridized with a Ty917 retrotransposon probe. In parallel, the same isolates were analyzed by hybridization with the entire repeat of rDNA as a probe. The choice of the method used was based on a critical review of the techniques available for epidemiological studies on fungi (25, 27) . Among these techniques, which include electrophoretic karyotyping, randomly amplified polymorphic DNA analysis, restriction enzyme analysis of PCR-amplified genes, and RFLP analysis (3, 6, 10, 11, 15, 16, 20, 39) , the last is the most extensively used for typing of yeasts. The work of Magee et al. (16) is a valid example of how RFLP generated in the rDNA repeats of various C. albicans clinical isolates can be used to discriminate isolates at the species level. Clemons et al. (9) have successfully used the same method for strain differentiation of 60 clinical and nonclinical S. cerevisiae isolates.
Even though RFLP is able to differentiate a high number of strains, some problems are encountered when the system is used. The major limitation of this method is the difficulty in comparing complex profiles which consist of a large number of bands. This was in part circumvented by the availability of computerized systems for automated reading of the patterns (17) . In contrast, Southern blot analysis can simplify this reading and allows the detection of only particular restriction fragments associated with specific chromosomal loci. The ease of interpreting Southern blots can be directly affected by the choice of the enzymes used to prepare the genomic DNA digests and the choice of probes. However, it is noteworthy that the discriminatory power of a typing method decreases with a concomitant decrease in the number of the obtainable fragments. For all of these reasons, defining the optimal strategy for Southern blot analysis has required considerable effort.
With regard to the probe to be used, our attention was focused on a Ty917 transposable element (13, 29) because Southern blot analysis in which insertion sequences and/or transposons are used as probes have proven to be reproducible and highly discriminatory for epidemiological typing of pathogenic bacteria (35) . To our knowledge, a method in which retrotransposon Ty917 is used as a probe to detect polymorphism generated by random insertion of this element into the yeast genome has never been applied to yeasts. The patterns generated by this method were compared with those obtained by rDNA polymorphism analysis at the same similarity coefficient, and in each case, dendrograms based upon the same unweighted pair group method were generated. Ty917 hybridization was demonstrated to have the ability to differentiate between unrelated isolates and, as a consequence, to be applicable for molecular epidemiological analyses. The great capacity of Ty917 hybridization to discriminate S. cerevisiae isolates could be judged detrimental for a DNA typing method, because strains with high or weak relatedness could be considered unrelated. However, we verified that Ty917 hybridization was able to assess genetic relatedness between highly related S. cerevisiae isolates such as those derived from the same patient. The fact that S. cerevisiae strains isolated from individual patients at intervals of up 1 year showed the same Ty917 pattern provided proof of the in vivo stability of this transposable element, according to its low frequency of transposition into the S. cerevisiae genome (13) . In addition, the great genetic difference observed among all of the other isolates correlates with the epidemiological findings on the infections, for which we can exclude a possible common source or transmission by person-to-person contact. Moreover, the molecular analysis performed on S. cerevisiae strains from commercial preparations of yeasts showed no identity to clinical isolates. These findings seem not to agree with some data published previously (38) that suggested bread making as a possible cause for S. cerevisiae vaginal infections. In particular, Nyirjesy et al. (22) demonstrated in a woman with acute vaginitis due to S. cerevisiae infection, the disease can result from inoculation of yeast from exogenous sources. By molecular analysis, this author found a strong correlation between the isolates obtained from the patient's vagina, her husband's fingers, and the yeast used in his pizza shop. By contrast, the results of our molecular investigation suggest that each patient had been infected with and/or had harbored in her vagina a unique individual strain and that the repeated infections occurring in some women might be due to the same infecting organism, which has been suppressed only temporarily by antifungal therapy. Other laboratory findings (data not shown) on these women caused us to suspect that the vaginal relapse was due to recurrent infections and not an intestinal reservoir.
Another aim of this study was to understand the pathogenesis of vaginitis caused by S. cerevisiae. Although several risk factors (34) have been previously identified, such as treatment with corticosteroids and broad-spectrum antibiotics, the increased use of vaginal and systemic azole agents, and high-level exposure to an environmental source of S. cerevisiae, this study failed to clearly define the pathogenesis of S. cerevisiae vaginitis. With regard to our patients, statistical analysis was performed to evaluate whether factors such as pregnancy, previous urinary tract bacterial infections, or weekly contact with an exogenous source of yeasts could be considered to predispose women to vaginal colonization or symptomatic vaginitis due to S. cerevisiae. Statistically significant differences were observed when patients and controls groups were compared either for urinary tract infections and frequent (more than three times a week) consumption of yeast products. For the last variable, an OR of 266 was observed. In fact, when multivariate analysis was applied by a logistic regression model, a very strong correlation only between the presence of S. cerevisiae and frequent domestic use of yeast was found. This allowed us to hypothesize that direct exposure of our patients to the yeast used for food preparation could occur, although the molecular analysis carried out on two products containing commercial yeast failed to demonstrate an epidemiologic link with the S. cerevisiae clinical isolates. On the other hand, we hypothesized that the excess of carbohydrates in the diets of these women, together with the high glycogen content of pregnant women (33) , might produce alterations of the vaginal environment and facilitate the adherence of S. cerevisiae cells to the vaginal epithelium. However, it remains unclear how, in some cases, this microorganism has been able to cause true infections with clear symptoms of vaginitis.
To summarize, in the light of the increasing presence of S. cerevisiae in the vaginas of fertile-age women and the difficult eradication of this organism, we think that the molecular method we propose has successfully supported our effort to clarify the epidemiology of S. cerevisiae infections.
